INTRODUCTION
The IGF-1R [type 1 IGF (insulin-like growth factor) receptor] is a transmembrane protein tyrosine kinase that plays important roles in both normal and malignant growth [1] . The IGF-1R and IR (insulin receptor) share 70 % sequence identity [2, 3] . Both receptors are glycoproteins and consist of two α-and two β-subunits. The α-subunits are entirely extracellular and are involved in ligand binding, whereas the β-subunits contain transmembrane and intracellular domains [2] . Binding of the ligands IGF-I or IGF-II to the α-subunits of the IGF-1R induces conformational changes in the receptor leading to autophosphorylation of three tyrosine residues in the kinase catalytic C-domains of the β-subunits [4] and activation of downstream signalling pathways [5, 6] . Activation of the IGF-1R results in cell proliferation, survival and migration.
IGF-1R overexpression or increased IGF-1R kinase activity is associated with a broad range of human cancers and therefore the IGF-1R is widely considered as a very promising target for cancer treatment [1, 7, 8] . Generation of IGF-1R inhibitors would be greatly assisted by a good understanding of how the IGF-I-IGF-1R complex is formed, but so far a structure of the IGF-I-IGF-1R complex has not been solved. The only IGF-1R ectodomain structure available is of the first three domains [L1, CR (cysteinerich), L2] and this receptor fragment is unable to bind ligand [9] . Alanine scanning mutagenesis of the IGF-1R [10] has located IGF-I-binding sites to the L1 domain and to the region between residues 692 and 702 of the insert domain. In addition, residues Arg 240 , Phe 241 , Glu 242 and Phe 251 of the CR domain form a small patch together with Trp 79 in the L1 domain for binding to IGF-I [10] . In contrast, none of these residues is involved in binding to IGF-II [11] . Studies using IR/IGF-1R chimaeras also demonstrated the importance of the IGF-1R CR domain for IGF-I binding [12, 13] . Mutagenesis has also been used to map the IGF-I-binding sites for the IGF-1R (as reviewed in [14] ). IGF-I residues important for IGF-1R binding include Phe 23 , Tyr 24 , Tyr 31 , Arg 36 , Arg 37 , Val 44 and Tyr 60 . Recently we demonstrated that the C-and D-domains of IGF-I and IGF-II contribute to their differences in IGF-1R binding specificity and play a role in its activation [15] . IGF-I with the IGF-II C-and D-domains (IGF-I CIIDI) bound to IGF-1R with an affinity equal to IGF-II, whereas IGF-II with the IGF-I C and D domains (IGF-II CIDI) bound with an affinity equal to IGF-I.
We still have relatively little information regarding the orientation of the ligand in the IGF-I-IGF-1R complex. While it is tempting to use the information revealed from recent cross-linking studies between insulin and the IR [16] [17] [18] [19] as a model for the IGF-I-IGF-1R interaction, there are differences in the binding curves from the two interactions suggesting different modes of interaction. Insulin exhibits a bell-shaped dose-response curve for accelerated dissociation from the IR, whereas IGF-I has a sigmoid curve of dissociation from the IGF-1R [3, 20] . Therefore in order to generate specific inhibitors we need to understand how the IGF-I-IGF-1R complex was formed. Using two high affinity IGF-1R mAbs (monoclonal antibodies), 7C2 and 9E11 (described in [21] ), we have characterized the binding epitope at the individual amino acid level and demonstrated the interaction of the IGF-I C-domain with the IGF-1R CR-domain thereby allowing the orientation of IGF-I in the IGF-1R-binding pocket. These mAbs also inhibit IGF-I binding, cancer survival and migration and lead to IGF-1R down-regulation, demonstrating that targeting the IGF-1R is an effective strategy for inhibition of cancer cell growth.
EXPERIMENTAL

Materials
All chemicals were from Sigma, except Lipofectamine TM 2000 (Life Technologies) and BSA (BovoStar grade; Bovogen). The αIR-3 mAb and control IgG1 were purchased from Calbiochem and Chemicon respectively, and mAb 24-60 was a gift from Professor K. Siddle (Department of Clinical Biochemistry, University of Cambridge, Cambridge, U.K.). Anti-IGF-1R antibody C-20 was from Santa Cruz Biotechnology (Santa Cruz, CA, U.S.A.). mAbs 24-55, 16-13 and receptor grade IGF-I and IGF-II were from GroPep Ltd (Adelaide, SA, Australia). The chimaeric ligands IGF-I CII (IGF-I with the IGF-II C-domain) and IGF-II CI (IGF-II with the IGF-I C-domain) were made by Dr A. Denley (School of Molecular and Biomedical Science, The University of Adelaide, Adelaide, SA, Australia) [15] . Biotinylated mAb 256−266 were generated as described previously [10] .
Cell lines and cell culture conditions
The MCF-7 breast cancer cell line and the HT-29 colon cancer cell line were obtained from the American Type Culture Collection [22] . NIH 3T3 cells stably expressing chimaeric IGF-1R/IR receptors were gifts from Professor A. Ullrich (Max Planck Institute of Biochemistry, Martinsried, Germany) [23, 24] .
BIAcore determination of mAb affinities for the IGF-1R
The affinities of anti-IGF-1R mAbs for the ectodomain of IGF-IR were determined using a BIACORE 2000 (BIAcore, Uppsala, Sweden) as basically described previously [25] . Anti-mouse IgG1 polyclonal antibody (BIAcore) was immobilized on to a CM5 chip via amine group linkage using standard coupling procedures as described in [26] . Purified mAbs (7C2, 9E11 or αIR-3; 2 µg/ml; 5 µl) in HBS (Hepes-buffered saline) running buffer (10 mM Hepes, pH 7.4, 150 mM NaCl, 3.4 mM EDTA and 0.005 % Tween 20) were captured on the anti-mouse IgG1 surface at a flow rate 3 µl/min to give a response of ∼ 50 RU (response units). s-IGF-1R (75 µl) was immediately injected at various concentrations (12.5, 6.25, 3.12, 1.56 or 0.76 nM) at 3 µl/min for 25 min and was then allowed to dissociate for 50 min. All flow cells were regenerated for 4 mins with 10 mM glycine/HCl (pH 1.7). Reference flow cell data were subtracted from all runs to account for bulk refractive index due to the buffer. The response to HBS injection (without s-IGF-1R) over the mAb was subtracted from all runs to account for bulk refractive index due to the buffer in the second association phase. Rate constants were derived using BIA Evaluation 3.2 software. Interactions were fitted globally across all concentrations to a 1:1 Langmuir binding model, which describes 1:1 binding between analyte (A) and ligand (B) (A + B ↔ A − B). The affinity constant for each mAb, K D , was calculated from the ratio of the rate constants k d (dissociation rate)/k a (association rate). Mass transfer control experiments were conducted according to the BIAcore 2000 instrument handbook.
BIAcore analysis of mAb competition with ligand for IGF-1R binding
Solutions containing a fixed concentration of s-IGF-1R (12.5 nM) and a range of concentrations of IGF-I or IGF-II (0.01, 0.1, 1, 10, 100 and 250 nM) in HBS running buffer were equilibrated for 3 h at room temperature. They were passed over the captured anti-IGF-1R mAbs as described above. The same experiment was carried out for the chimaeric ligands, IGF-I CII and IGF-II CI, except the fixed concentration of the s-IGF-1R was 6.25 nM.
Europium competition assays
The abilities of the mAbs 9E11 and 7C2 to inhibit the interaction between europium-labelled IGFs and the IGF-1R were measured in competition-binding assays conducted as described generally in [15] . Competition between other anti-IGF-1R mAbs (24-60 and αIR-3) and europium-labelled Fab domains of mAbs 9E11 or 7C2 for binding to the IGF-1R was measured using the same assay. IGF-1R was captured on white Greiner Lumitrac 600 plates coated with the mAb 24-31, an anti-IGF-1R mAb that did not interfere with ligand binding, or mAb 24-55, which does not bind to the same epitope as mAbs 24-60 and αIR-3 (see Table 2 ) [13, 27] . IGF-1R was either isolated from P6 cell lysates [15] or from culture supernatants from mammalian cells expressing s-IGF-1R (BHK21 + sIGF-1R) or HEK-293-EBNA cells transiently expressing IGF-1R alanine mutants (see below). Eu-IGF-I (europium-labelled receptor grade human IGF-I) and Eu-IGF-II were prepared by Mr P. A. Hoyne (CSIRO Health Sciences and Nutrition, Parkville, Australia) as outlined by the manufacturer and described previously [15] . The final concentration of the Eu-IGF-I or -II solutions was ∼ 10 nM in each well of the plate (300 000 counts). Fab domains of 9E11 and 7C2 mAbs were labelled using the same method and were used at a final concentration of 3.3 nM (300 000 counts). Fab domains were prepared for labelling by first digesting the mAbs with papain in the presence of the reducing agent cysteine, as described previously [28] and then purifying them using a Protein A column as described previously [29] . In all assays, the background fluorescence detected in wells containing no IGF-1R was subtracted from all other fluorescence values. Prism 3.03 software was used to calculate IC 50 values employing curve-fitting with a one-site competition model [15] . Paired Student's t tests were used for all statistical analyses. Significance was accepted at P < 0.05.
Epitope mapping with chimaeric receptors
The three chimaeric receptors, IR/IGF-1R C2, IR/IGF-1R C12 and IGF-1R/IR C1 [23, 24] , were used to broadly define the 9E11 and 7C2 epitopes ( Figure 2 ). Binding of both antibodies (10 µg/ ml) to the NIH 3T3 stable cell lines expressing the chimaeric receptors was assessed by flow cytometry analysis. The anti-IgG1 antibody was used as a negative isotype control and the mAbs 24-60 and 24-55 were applied as positive controls. mAbs bound to the chimaeric receptors were detected by FITC-conjugated sheep anti-mouse IgG (Chemicon). Flow cytometry acquisition was carried out with a FACScan Flow Cytometer using CellQuest Pro software (Becton Dickinson).
Epitope mapping using alanine mutants of the IGF-1R
Alanine mutants of the IGF-1R or chimaeric IGF-1R/IR 256−266 (residues 256-266 of the IGF-1R replaced with amino acids 262-277 of IR-A) [30] were expressed transiently in HEK-293-EBNA cells following transfection of the recombinant cDNAs using Lipofectamine TM 2000 reagent according to the manufacturer's instructions. Culture supernatants were harvested after 72 h and an ELISA was used to measure expression of the chimaeras. Biotinylated mAb 16-13 detected receptor captured on a 96-well plate coated with mAb 24-55 (0.25 µg/well). The epitope for the mAb 16-13 is near the N-terminus of the IGF-1R (between residues 62 and 184) [27] , which is intact in all of the recombinant constructs. The plate was then washed and the binding was detected with streptavidin-HRP (horseradish peroxidase; diluted 1:200; Chemicon) and ABTS [2,2 -azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)] reagent (Roche) following the manufacturer's instructions.
The supernatant for each mutant of IGF-1R was diluted to give the same absorbance as s-IGF-1R (0.28 mg/ml) as detected in the ELISA and 100 µl of each diluted supernatant was added to the europium binding assay as described above. This allowed a direct comparison of mAb binding between wild-type and mutant s-IGF-1R.
Cell viability assay
A total of 12 000 HT-29 cells were seeded per well into 96-well flat-bottom plates and cultured for 48 h. Prior to treatment the cells were washed and serum-starved for 5 h. Different treatment solutions in serum-free growth medium containing 0.5 % (w/v) BSA were added to wells for a further 48 h. Cell proliferation was measured using the CellTiter-Glo luminescent cell viability assay (Promega) following the manufacturer's instructions [31] . Luminescence was recorded on a POLARstar Galaxy microplate reader (BMG Lab Technologies) and FLUOstar Galaxy PC software. The background luminescence for the wells containing no cells was subtracted from all other luminescence counts.
Migration assay
Migration assays were conducted as described previously [32] . Briefly, a 96-well modified Boyden chamber (Neuro Probe) and a 12 µm polycarbonate filter coated with type 1 collagen were used. Cells (60 000/well) were prelabelled with 1 µg/ml calcein (Molecular Probes) and then incubated with 25 nM mAbs 7C2, 9E11 or αIR-3, or IgG1 (as a negative control) for 1 h at 37
• C in 5 % CO 2 /95 % air atmosphere. Cells migrated toward IGFs or IGF chimaeras for 5 h.
Receptor down-regulation analysis
Down-regulation of IGF-1R by mAbs 9E11 and 7C2 was demonstrated in MCF-7 cells using the method essentially as described previously [33] . Cells (7 × 10 5 ) seeded into each well of six-well plates were incubated in serum-free growth medium for 20 h at 37
• C in a 5% CO 2 /95 % air atmosphere. Treatment solutions (50 nM IGF-I or 25 nM mAbs 9E11, 7C2 or αIR-3) were added and the cells were incubated for 24 h at 37
• C in a 5% CO 2 /95 % air atmosphere. Total protein (15 µg) for each treated MCF-7 cell lysate and R − cell lysate (negative control) were separated on a SDS/10 % (w/v) PAGE gel under reducing conditions and transferred on to a nitrocellulose membrane (Hybond TM P, Amersham Pharmacia Biotech). Total protein was determined using the BCA (bicinchoninic acid) assay (Pierce Biotechnology). Membranes were blocked with 5 % (w/v) skimmed milk in PBS for 2 h at room temperature, and the IGF-1R was detected using an anti-IGF-1R antibody (C-20; diluted 1:1000) followed by an donkey anti-rabbit HRPconjugated antibody (diluted 1:10 000; Rockland) and enhanced chemiluminescence detection.
RESULTS
mAbs 7C2 and 9E11 bind IGF-1R with high affinity
Two high-affinity mAbs (7C2 and 9E11) were selected from a hybridoma screen and were shown to be specific for the IGF-1R [21] . Both mAbs 7C2 and 9E11 bind the s-IGF-1R with high affinity (0.5-2.1 nM) resulting from fast association and slow dissociation rates as measured by BIAcore analysis (Table 1) . Kinetic analyses suggest that 7C2 has a slightly higher affinity than αIR-3 for binding to the receptor, although the K D values for the three mAbs were not significantly different (P > 0.05).
mAbs 7C2 and 9E11 compete with IGF-I but not IGF-II for binding to the IGF-1R
mAbs 9E11 and 7C2 competed with Eu-IGF-I for binding to captured solubilized IGF-1R in competition-binding assays (Figure 1A) . Similar concentrations of mAbs 7C2 and 9E11 were able to inhibit s-IGF-1R binding, with 7C2 being slightly more potent than 9E11 as was seen in the BIAcore experiments. While mAb 24-60 has been reported to inhibit IGF-I binding with an IC 50 of 0.5 nM [27] it does not compete as effectively as mAbs 7C2 and 9E11 in our assay, suggesting that the epitope for these antibodies differ slightly ( Figure 1A ). All mAbs failed to inhibit Eu-IGF-II binding ( Figure 1B) .
mAbs 7C2 and 9E11 bind to the CR domain of the IGF-1R
Cells expressing IGF-1R/IR chimaeras were used to define the epitopes of mAbs 7C2 and 9E11. mAbs 7C2, 9E11 and mAb 24-60 bound to all three chimaeras of IGF-1R/IR, whereas mAb 24-55 only bound to the IGF-1R/IR C1 expressing cells (Figure 2A) . It can therefore be concluded that the epitope for the mAbs 7C2, 9E11 and 24-60 are in the CR domain of the IGF-1R between amino acids 131 and 315. The reported epitopes for mAbs 24-60 and 24-55 are between amino acids 184 and 283 and 440 and 586 of the IGF-1R respectively [27] .
Competition of europium-labelled 7C2 and 9E11 with other mAbs
Further confirmation of the epitope mapping was obtained by testing the ability of mAbs 9E11 and 7C2 to compete with previously characterized mAbs 24-60 and αIR-3 in a europium competition-binding assay. As the flow cytometry analysis of chimaeric receptors showed that the epitope for mAbs 7C2 and 9E11 was between residues 131 and 315 of IGF-1R, the mAb 24-55, which binds to IGF-1R residues 440-586, was used to capture s-IGF-1R. Europium-labelled mAbs 7C2 and 9E11 both significantly competed with 24-60, αIR-3 and each other for binding to the IGF-1R (Figures 2B and 2C) . This indicates that all four antibodies share an overlapping epitope on the IGF-1R.
Identification of IGF-1R residues involved in binding
To define the epitope of mAbs 7C2 and 9E11 further, the binding of europium-labelled mAb 9E11 and 24-60 Fab domains to alanine mutants of the IGF-1R CR domain was investigated. Also, the role of the IGF-1R mobile loop between residues 255-265 [34] on mAb binding was tested using the chimaeric IGF-1R/IR 256−266 . ELISA detection in culture supernatants was shown for transient expression of all recombinant soluble IGF-1R alanine mutant receptors, except IGF-1R I255A . Supernatants were diluted to give the same s-IGF-1R concentration as the wild-type s-IGF-1R (0.28 mg/ml). Binding assays using europium-labelled 9E11 and 7C2 (Fab fragments) revealed that the mAbs could bind all but three of the s-IGF-1R alanine mutants (IGF-1R  F241A , IGF-1R F251A and IGF-1R F266A ; Figure 3A ). It is unlikely that the alanine mutagenesis is causing gross structural perturbation leading to the lack of mAb binding, as the F266A mutation does not affect IGF-I or IGF-II binding, and the mutation of F241A and F251A do not affect IGF-II binding [10, 11] . Also, the chimaeric secreted receptor IGF-1R/IR 256−266 bound poorly to both europium-labelled mAbs ( Figure 3A) . This is consistent with the fact that IGF-1R F266A also binds poorly. The defined epitope therefore consists of a hydrophobic patch including residues Phe 241 , Phe 251 and Phe 266 , and is shown mapped on to the IGF-1R structure in Figure 3(B) . This represents the first example of an IGF-1R monoclonal being mapped at this level of resolution.
IGF-I and the IGF-I C-domain compete with the mAbs 9E11 and 7C2
BIAcore binding studies revealed that pre-incubation of the s-IGF-1R with increasing concentrations of IGF-I and IGF-II CI caused a reduction in the response when binding to mAb 9E11 (Figures 4A and 4B) . At the highest concentration (100 nM) there was a 74 + − 7 % reduction in the amount of s-IGF-1R binding to the 9E11 sensor surface compared with the response to s-IGF-1R alone. Interestingly, IGF-II and IGF-I CII did not cause any reduction in response compared with s-IGF-1R alone, with a 107 + − 6 % response to the same concentration ( Figures 4C and 4D) . A similar effect was seen with mAb 7C2 (results not shown). Hence it can be concluded that the IGF-I C-domain is responsible for competition of IGF-I with mAbs 7C2 and 9E11 for binding to the s-IGF-1R.
Inhibition of cell viability and migration
Proliferation assays revealed that mAbs αIR-3, 7C2 and 9E11 caused a small but statistically significant inhibition of survival of cultured HT-29 cells induced by 10 nM IGF-I in the presence of 5 mM butyrate, a potent apoptosis-inducing agent ( Figure 5A ). In addition, mAbs αIR-3, 7C2 and 9E11 inhibited the IGF-IIinduced cell proliferation significantly ( Figure 5B) . At a concentration of 100 nM, mAbs 7C2, 9E11 and αIR-3 blocked IGF-induced cell proliferation to the same extent. However, when HT-29 cells were rescued to a similar extent by IGF-I or IGF-II (using 10 or 50 nM concentrations respectively), none of the mAbs inhibited the effect of IGF-II as potently as they did for IGF-I ( Figure 5B ). Interestingly, despite previous reports of mAb 24-60 being able to inhibit IGF-I binding [27] , in this assay mAb 24-60 had little or no effect on IGF-I-or IGF-II-mediated proliferation.
mAbs 9E11 and 7C2 (25 nM) inhibited migration of MCF-7 breast cancer cells towards IGF-I ( Figure 6A ) and IGF-II (results not shown). Interestingly, mAbs αIR-3 (25 nM) and 24-60 (25 nM) appear only slightly less potent in this assay, with significant inhibition of migration seen only at the lowest IGF-I concentration used. This observation would suggest that inhibition of migration is dependent predominantly on the ability of the antibodies to promote receptor down-regulation (see below) rather than a direct inhibitory effect via ligand binding. 
DISCUSSION
In the present study, two IGF-1R mAbs directed against the human IGF-1R (mAbs 7C2 and 9E11) were used to characterize the interaction of IGF-I with its receptor and to orientate the IGF-I molecule in the IGF-1R-binding pocket. Both antibodies interact with the IGF-1R with high affinity (0.5-2.1 nM) and are able to inhibit IGF-I but not IGF-II binding ( Figure 1A ). Epitope mapping using IGF-1R/IR chimaeras located the mAb 7C2-and 9E11-binding site in the CR domain (Figure 2 ). Interestingly this [27] corresponds to the known epitopes of mAbs 24-60 and αIR-3 ( Figure 3B ) it can be seen that these residues form a continuous hydrophobic patch. Previously, an IGF-I-binding site was identified by alanine scanning mutagenesis of the CR domain, which involves residues Arg 240 , Phe 241 , Glu 242 and Phe 251 [10] . These residues form a small patch on the CR domain, which together with Trp 79 in the L1 domain bind IGF-I but are not involved in IGF-II binding [10] . Interestingly, the binding epitope of mAbs 7C2 and 9E11 overlap the IGF-I-binding site involving residues Phe 241 and Phe 251 of IGF-1R. Hence it can be concluded that binding of mAbs 7C2 and 9E11, in particular to amino acids Phe 241 and Phe 251 , is responsible for their specific inhibition of IGF-I binding to the receptor. The difference in binding epitopes for IGF-I and the antibodies most probably reflects a different mechanism of interaction with antibody-epitope interactions, mediated generally through small thermodynamic hotspots [35] .
Furthermore, using IGF-I/IGF-II chimaeras we showed that the mAbs inhibit IGF-I binding by inhibiting the interaction of the IGF-I C-domain with the IGF-1R CR domain. Both IGF-I and IGF-II CI inhibited s-IGF-1R binding to mAbs 7C2 and 9E11, whereas IGF-II and IGF-I CII were unable to compete for the mAb-binding site. As we have precisely defined the mAb epitopes, we can conclude that the IGF-I C-domain interacts with the IGF-1R CR domain.
Therefore the present study has precisely located the site of interaction between the IGF-1R CR domain and the IGF-I C-domain. This has greatly improved our understanding of the interaction through the CR region, which was implicated previously using chimaeric receptors [36] . Although we have shown previously that the C-domains of IGF-I and IGF-II confer their binding specificity for the IGF-1R [15] , the present study shows that it is the C-domain interaction with the residues Phe 241 and Phe 251 of the CR region, which provides additional binding energy resulting in a higher affinity of IGF-I than IGF-II for the IGF-1R. Previous studies using site-directed mutagenesis have identified residues Arg 36 , Arg 37 and Tyr 31 in the IGF-I C-domain as being important for IGF-1R binding [36] [37] [38] . A recently published model [39] constructed using the constraint of Arg 36 of IGF-I-contacting residue Glu 242 of the CR of IGF-1R provides a framework for discussion and future experimentation, although it is unable to represent the entire complex as it is based on only the first three N-terminal domains, which, by themselves, are unable to bind ligand. 90 and Glu 242 of the IGF-1R are in contact with IGF-I as is suggested by alanine scanning mutagenesis [10] . We believe in keeping with this model, and the data in the present study, it is most likely that Tyr 31 is involved in the interaction with the hydrophobic residues Phe 241 and Phe 251 , which form part of the mAb epitope.
In addition, we have shown that while mAbs 7C2 and 9E11 only inhibit binding of IGF-I (and not IGF-II) to the IGF-1R, the mAbs are able to inhibit proliferation and migration stimulated by both ligands. This result can be explained by our observation that both mAbs induce down-regulation of the IGF-1R, thus indirectly inhibiting the action of IGF-II by lowering the receptor concentration at the cell surface. IGF-1R down-regulation has been observed with several described mAbs, which are currently being developed as therapies for the treatment of IGF-Iresponsive cancers [40] [41] [42] [43] [44] . Receptor down-regulation is believed to provide an additional benefit to such mAb therapies allowing not only the inhibition of ligand binding, but also a reduction in receptor levels resulting in inhibition of downstream signalling events.
In summary, we have generated two high-affinity mAbs directed against the human IGF-1R. These antibodies are able to block IGF-I but not IGF-II binding and by IGF-1R down-regulation can inhibit biological responses stimulated by both ligands. Significantly, we have mapped precisely the mAb epitopes to the CR domain of the IGF-1R and can now orientate the IGF-I C-domain in the IGF-1R-binding pocket to make contact with the IGF-1R CR domain through residues Phe 241 and Phe 251 . This information provides the first step in the understanding of how the IGF-I-IGF-1R complex is formed. It highlights the fact that the interaction of insulin with the IR is different from the IGF-I-IGF-1R interaction, and that there is still a great deal to be understood that about the IGF-I-IGF-1R interaction. 
